To study the relations of certain morphological and sugar quality characters with sugarcane yield, an experiment was conducted at Wonji and Metehara Sugar Estates, Ethiopia between March 2012 and October 2013. The experiment, comprising of 400 sugarcane genotypes of which 174 were local that were collected from different regional states of Ethiopia and 226 introduced, was laid out in partial balanced lattice design with two replications. Data was collected on cane yield and its components, sugar yield and sugar quality traits. ANOVA, correlation and path coefficient analysis were done. Analysis of variance revealed significant differences (P < 0.01) for all the characters studied. Cane yield showed strong positive and highly significant (P < 0.01) correlation with millable cane number (r = 0.832), single cane weight (r = 0.528), stalk height (r = 0.517) and sugar yield (r = 0.987). There was also positive significant (P = 0.05) correlation of tiller count and cane diameter with cane yield. Path analysis revealed the highest positive direct effect of millable cane number (0.812) on cane yield followed by single cane weight (0.682) and pol percent (0.550). However, stalk diameter and brix percent had considerable negative direct effects and indirect positive effects through single cane weight on cane yield. Therefore, in view of their significant positive association with cane yield, indirect effects of stalk diameter and brix percent via single cane weight should be considered during selection. Genotypes should be selected on the basis of millable cane number, single cane weight and pol percent for getting higher cane and sugar yield.
Introduction
Sugarcane is the main source of sugar production in Ethiopia and one of the most important agro industrial crops of the world. It also boosts national economy by providing direct and indirect employment to the people in Ethiopia. Sugar per unit area is determined by the cane yield per unit area and sucrose percent in juice. These two characters are influenced by their component traits. As the demand for white sugar is increasing continuously, the cane productivity and sugar recovery has to be increased accordingly. In sugarcane, complex traits like cane yield and quality are influenced by a number of characters. These characters directly and indirectly contribute to the yield [1] . [2] emphasized that genetic diversity and location specific varieties are essential for achieving sustainable advances in productivity. Variety is the pivot and the cheapest technology for boosting cane production and productivity through sugarcane varietal improvement program and this program proceeds via choosing parents and making crosses.
Since the start the Ethiopian sugar industry has been totally dependent on importation of varieties. The varieties are of old generation and are contracted with many problems vis a vis deterioration of yield, lack of adaptability to different agro ecologies, susceptibility to disease and insect pests, etc. Currently Ethiopia is in the course of establishing sugarcane breeding program to develop varieties that suit to the different growing conditions of sugarcane growing regions. In any breeding program collection of germplasm is always the first step as it provides plant breeders with sources of useful traits. Especially collecting local germplasm would be crucial as they provide locally adapted genes for better crop improvement. Towards this effort, an exploration and collection work of local sugarcane germplasm in different geographic regions of Ethiopia has been conducted and more than 300 materials were collected [3] . Knowledge of character associations among the introduced and local genotypes is of prime importance to begin an effective breeding program. Information about the contribution of various cane and quality characters to cane yield is vital for development of new high yielding sugarcane cultivars. This could be achieved using the methods of path coefficients which partitions correlations among the traits into components of direct and indirect effects on the dependent variable [4] . These would be followed by development of selection criteria comprising the traits with high direct effects for selection of sugarcane genotypes manifesting a higher yield advantage.
The study of correlations provides the information that how strongly traits are genetically associated with one another. Thus the estimates of correlations among yield components pave the basis for selection of superior genotypes from the diverse breeding populations.
Path coefficient is an excellent means of studying direct and indirect effects of interrelated components of a complex trait [5] . Path-coefficient analysis measures the direct influence of one variable on another. Each correlation coefficient between a predictor variable and the response variable is partitioned into its component parts: the direct effect or path coefficient (a standardized partial regression coefficient) for the predictor variable and indirect effects, which involve the product of a correlation coefficient between two predictor variables with the appropriate path coefficient in the path diagram [6] . By determining the inter-relationships among yield components, a better understanding of both the direct and indirect effects of the specific components can be attained. Effects of stalk number, stalk diameter, stalk length and single cane weight on cane yield have been reported by [7] - [9] .
Path analysis done by [10] showed that the number of cane stalks was the most important character with the highest direct and indirect effects on sucrose yield followed by sucrose % and stalk weight. Cane yield was found by [11] to be positively correlated with millable stalks, stalk height, internode number per stalk, and single stalk weight. They, however, noted negative association of cane yield with stalk diameter, juice pol, and purity %.
Cane yield and sucrose content are two important characters for obtaining high sugar yield [12] . [13] reported that cane yield and sucrose content and their interaction were important parameters for developing superior genotypes. [14] concluded that the increase in cane yield was due to combined effect of stalks per stool, length of stalk and weight per stool. According to [15] number of stalks per stool was a major yield contributing factor followed by height and cane girth. [16] concluded that cane yield exhibited phenotypic association with stalks per stool.
[17] reported non-significant correlation between stalks per stool and cane yield. The correlation of tillers per plant with weight per stool was significant, whereas purity %, pol % and commercial cane sugar (CCS %) showed negative correlation with tiller numbers. In case of sugar yield strong positive correlation was observed with cane yield, cane weight, tiller numbers, pol %, CCS % and purity % and non-significant correlation was observed with cane girth.
Many component analyses have been performed for complex traits based on morphological and physiological characterizations [18] - [20] . [7] stated it could be more effective that yield components were selected to increase yield because of lower heritability for yield and higher heritability for yield components. However, yield is correlated with yield components in complicated ways [21] [22] . Therefore, it is imperative to reveal the genetic relationship between yield and its component traits Plant breeders generally select for only a few traits and it is very important to know the effects of this on other important characters as well. Therefore, this experiment was conducted to study the relations of certain morphological and sugar quality characters with sugarcane yield.
Materials and Methods
The study was carried out at two sugar estates in Ethiopia. Wonji Sugar Estate is located in the Rift Valley of Ethiopia at an altitude and longitude of 8˚31'N and 39˚12'E, respectively, with an elevation of 1550 masl. The area has a mean maximum and minimum temperature of 26.9˚ and 15.3˚C, respectively with mean annual rainfall 800 mm [22] . Metahara Sugar Estate is located 200km south east of the capital Addis Ababa, 8˚N latitude and 39˚52'E longitude with an elevation of 950 masl. The annual mean rainfall of the area is 550 mm with mean annual maximum and minimum temperatures 32.8˚C and 17.5˚C, respectively [23] . The experiment comprised one hundred seventy four local sugarcane genotypes collected from different geographic regions in Ethiopia and two hundred twenty six exotic genotypes introduced over different periods of time from many source countries (see Appendix in Supplementary Material available online at http://dx.doi.org/10.4236/ajps.2016.710139). Therefore, a total of 400 sugarcane genotypes were grown each in 5 m × single row plots with 1.45 m spacing between rows at the two locations. Plots were planted by placing in each furrow short pieces of cane (three budded setts) with 20 cm spacing between setts. The experimental design was partial balanced lattice with two replications. Normal agronomical practices were practiced throughout the growth period. Data was collected on quantitative traits such as sprout counts 2 months after planting, tiller counts 4 months after planting, stalk count 10 months after planting, millable stalk count, single cane weight, number of internodes, internode length, stalk height, stalk diameter, leaf length, leaf width, leaf area, cane yield, brix percent (brix %), pol percent (pol %), purity percent (purity %), sugar percent (SR %) and sugar yield.
Statistical Analysis
Combined ANOVA was done over locations using PROC GLM procedure of SAS software V9. Pearson correlation coefficients were estimated among the variables as suggested by [24] . The total correlation coefficients of various yield contributory characters with regard to cane yield was partitioned into components of direct and indirect effects following the method adopted by [6] .
Results and Discussion
The genotypes evaluated showed highly significant difference (P < 0.01) for all quantitative traits considered (see Table 1 in Supplementary Material available online at http://dx.doi.org/10.4236/ajps.2016.710139). The variability observed among genotypes indicated the possibility to exercise simple selection in future breeding programs [26] . Variability of genotype X location in the performance of the genotypes also designated the importance of evaluating sugarcane in many locations. Other similar studies conducted on sugarcane elsewhere also attested the need to consider more locations [25] - [27] .
Correlation
Correlation coefficients between the different pair of agronomic characters and juice quality parameters were calculated to find the relationship among the various characters studied. The values of correlation coefficient are presented in Table 1 .
From Table 1 it can be seen that cane yield had a strong positive and highly significant correlation (P < 0.01) with all the agronomic and sugar quality traits except with number of internodes and leaf width where a positive significant (P = 0.05) correlation coefficient was observed. Similarly sugar yield showed positive highly signifi- cant correlation with all agronomic and sugar quality traits except leaf length and width where the association was positive but non significant.
The correlation of cane yield with millable cane number and sugar yield was very strong r = 0.83** and r = 0.99** respectively. In fact the very strong correlation of cane yield with sugar yield is expected as sugar yield is the product of cane yield and sugar percent. A positive and highly significant correlation between cane yield and its components viz single cane weight, stalk length and millable cane number was reported by [28] - [30] . [31] also observed highly significant positive correlation of cane yield with millable cane number, single cane weight, stalk height, and cane diameter.
In the present study cane yield was more closely correlated with millable cane number followed by stalk count 10 months after planting, single cane weight and stalk height. This has important implications for selection of varieties to be used as parental material for crossing purposes. The above information indicates that many of the characters affect cane yield but the degree at which each character affects yield is dependent upon the degree of association of that character to cane yield. In this case selecting for the character millable cane number would produce maximum yield as compared with any of the other characters. [1] [28] also indicated the importance of millable cane number in selection for higher cane yield. In their study [7] [9], found that cane yield was more closely correlated with stalk population than weight per stalk or stalk diameter.
A positive and significant correlation existed between millable cane number and stalk count 10 months after planting, followed by stalk diameter and single cane weight, stalk height and single cane weight, stalk count 10 months after planting and stalk height, stalk count 10 months after planting and single cane weight ( Table 1) . This indicated that selection through taller, thicker and heavier stalks would lead to increase in cane yield. [16] reported that number of millable stalks per plot and stalk diameter were the most important components of cane yield. [30] observed that millable stalks per stool and single cane weight were the most important traits influencing cane yield. [8] also demonstrated that number of millable stalks and individual cane weight made the greatest direct contribution to cane yield. But the negative association of stalk diameter with stalk count 10 months after planting and millable cane number and its positive significant association with cane yield should be treated with caution. The significant negative association of stalk diameter with millable cane number was reported [1] [17] [29] . Millable cane number was also negatively and significantly correlated with leaf width and leaf area which had positive significant association with cane yield. It had non significant negative association with leaf length. The association of millable cane number with other agronomic and sugar quality characters was positive and significant except with number of internodes and purity percent with which it had positive non significant correlation. [17] observed negative association of millable cane number with brix percent. Knowledge of the association of various characters among themselves is important which ultimately gave the indication that selection for one trait will automatically change the other attributes. Therefore, to develop an understanding of association between the component characters is a necessary prerequisite to carry out an effective breeding program. The association between any two characters is dependent upon their inheritance. If they are inherited together, the relationship between them may be observed. The average between genes governing two or more characters, that is, location of genes on the same chromosome or chromosome governing particular character or pair is the cause for association between characters at phenotypic and genotypic levels.
Accordingly as can be observed from the present study the agronomic traits has positive significant association with cane yield, sugar yield, sugar quality parameters and with each other. Only leaf area and its component parts leaf length and width showed negative association with other yield components like sprout count 2 months after planting, tiller counts 4 months after planting, stalk count 10 months after planting, millable cane number, number of internodes, brix percent, pol percent, purity percent and sugar percent.
With regard to the biochemical characters in the present study, sugar percent was closely correlated (P < 0.01) with pol percent, purity percent and brix percent. The three sugar quality characters also had strong positive significant (P < 0.01) association with each other ( Table 1) . This indicated that selection through pol percent, purity percent and brix percent would produce varieties with high levels of sucrose recovery percent [31] .
Path Coefficient Analysis
Path analysis helps us in identifying the most important characters affecting directly and indirectly through other characters. In the present study, the path coefficient analysis was performed for cane yield as a dependent variate ( Table 2) . The relationship between yield and yield components may be negative or positive but it is the net result of direct effect of that particular trait and indirect effects via other traits. Hence, it is necessary to determine the path coefficients which partition the observed correlation in to direct and indirect effects and also reveals the cause and effect relationship between yield and their related traits.
Sprout counts 2 months after planting was found to have positive and considerably low direct effect on cane yield. The indirect effect of sprout count was positive through tiller number, stalk count 10 months after planting, millable cane number, single cane weight, number of internodes, stalk diameter, leaf area and brix percent.
Tiller number was observed to have negative and very low direct effect on cane yield. It had also negatively contributed to cane yield indirectly through brix percent (−0.139). The direct effect was counter balanced by the positive indirect effect through millable cane number (0.812), single cane weight (0.125) and pol percent (0.201). Stalk count 10 months after planting showed low positive direct effect on cane yield. However, its indirect effect via millable cane number was positive and high (0.762).
Millable cane number showed the highest direct effect (0.812) on cane yield. On the other hand, it had negative effect on cane yield through tiller number, number of internodes, internode length, stalk height, leaf width and brix percent. A direct effect of millable cane on cane yield was similar to the findings of [5] Single cane weight had the next highest positive direct effect (0.682) on cane yield. It showed negative indirect effect on cane yield through tiller number, internodes length, stalk height, stalk diameter (−0.174), leaf area and brix percent (−0.173). Its indirect effect through pol percent was positive (0.191). Significant direct effect of single cane weight on cane yield was also reported by [30] - [32] . Number of internodes showed significantly low positive direct effect on cane yield. However, it contributed to cane yield negatively through millable cane number (−0.229).
Internode length showed negligible negative direct effect on cane yield. However, its indirect effect through millable cane number and single cane weight was positive (0.507, 0.221) respectively.
The direct effect of stalk height on cane yield was negative but low. It had positive indirect effect on cane yield through millable cane number, single cane weight and pol percent. [34] reported similar results.
Stalk diameter was found to have negative effect on cane yield directly and indirectly through millable cane number. This was counter balanced by single cane weight and pol percent. Similarly, [34] [35] showed the negative direct effect of stalk diameter on cane yield. Contrary to the present finding [33] reported stalk diameter exerting direct effect on cane yield which was positive and markedly high.
Leaf length and width showed positive direct effect on cane yield whereas leaf area showed negative direct effect. The positive indirect effect of all the three traits through single cane weight was moderately higher. Leaf width and leaf area had negative effects through millable cane number and stalk diameter.
Brix percent showed negative direct effect on cane yield, whereas pol percent had a moderate direct positive effect on cane yield. This is in agreement with the findings of [34] .
The traits which had highly significant positive association and negative direct effects on cane yield were viz., tiller count, internode length, stalk height and diameter, leaf area and brix percent. Negative direct effects of positively correlated characters with cane yield were also reported by [36] . This indicates that these can be considered as selection criterion for improvement in cane yield.
Conclusion
Correlation and path analysis revealed that millable cane number and single cane weight followed by pol percent were the most important for cane yield improvement. The three characters had highly significant positive correlation with each other and with cane and sugar yield. Selection based on these characters can increase both cane and sugar yield. However, stalk diameter and brix percent had considerable negative direct effects on cane yield and indirect positives effect through single cane weight. Therefore, in view of their significant positive association with cane yield, during selection indirect effects of stalk diameter and brix percent via single cane weight should be considered.
